R adial access has been proved to be a safe and effective technique for both diagnostic and therapeutic procedures. Advantages of the transradial approach (TRA) include less bleeding and vascular complications, 1 increased patient comfort, 2 and cost savings 3 compared with the traditional transfemoral route. Moreover, transradial access seems to reduce the mortality of patients with ST-segment elevation myocardial infarction who are undergoing primary percutaneous coronary intervention. [4] [5] [6] Nevertheless, the TRA is sometimes technically challenging and requires special skill by the operator. This is largely due to smaller vessel diameter, anatomical variations (eg, tortuosity of radial, brachial, and subclavian arteries, loops, variations of the brachiocephalic trunk/ascending aorta), and spasm of the radial artery (RAS). According to the literature, the incidence of RAS varies between 2% and 34%, frequently resulting in transfemoral conversion. [7] [8] [9] [10] Therefore, intra-arterial vasodilators, most frequently verapamil, are routinely used prophylactically, 11 because it is generally believed that ad hoc administration is less effective. 7 Indeed, most experts agree that the administration of prophylactic intra-arterial vasodilators is mandatory. [12] [13] [14] Yet, with the technological advances in recent years (thinner devices, hydrophilic coating) and increasing operator expertise, RAS is likely to be of less importance as vasodilator use shows wide geographic variations, suggesting that it may not be essential. 11 On the other hand, verapamil is contraindicated in some clinical settings, and even in patients without known contraindications, adverse reactions may occur.
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Methods
Study Design, Population, and Outcome Measures
Our goal was to evaluate the need for prophylactic application of verapamil in transradial coronary procedures. Therefore, we conducted an investigator-initiated, randomized, double-blind, parallel-group, placebo-controlled trial with an all-comers design. Eligible were all patients aged ≥18 years with clinical indication for coronary angiography or percutaneous coronary intervention, in whom the right or left radial artery could be successfully cannulated (multiple puncture attempts were allowed). Only patients with known contraindications to verapamil were excluded (significant aortic stenosis, heart rate <50/min, high-grade atrioventricular block, myocardial infarction complicated with cardiogenic shock, or left ventricular ejection fraction <35%). Figure 1 shows an outline of the trial design. After insertion of the arterial sheath, patients received either 5 mg verapamil hydrochloride diluted with 0.9% w/v saline to 10 mL (n=297) or placebo (10 mL 0.9% w/v saline, the diluent of verapamil in the vials, alone, n=294) intra-arterially. In the case of procedural failure, operators determined the underlying cause (spasm or anatomical variation), then they were unblinded and, at their discretion, continued either "unplanned" intra-arterial administration of 5 mg verapamil (first 5-mg dose in the placebo arm ["ad hoc"] or a second 5-mg dose in the verapamil arm ["extra"]) or with primary access site conversion (ie, without prior unplanned use of verapamil). If verapamil was ineffective, the access site was changed (secondary conversion). Arterial spasm was defined by the operator as severe difficulty advancing the guidewire or catheter, with or without (1 case) angiographic evidence, while anatomical variations were all confirmed with angiography. Nonprotocol medications (eg, other vasodilators, analgesics, sedatives) were not administrated during the procedures.
We compared the occurrence of overall access site conversions (primary and secondary, transfemoral or contralateral transradial) as primary end point, whereas rates of RAS defined by the operator, code breaking (composite of access site crossovers and unplanned use of verapamil), overall verapamil use, procedural and fluoroscopic times, radiocontrast volume, and subjective pain of the patients were investigated as secondary end points. Pain sensation was assessed using a questionnaire with a semiquantitative scale (1=no pain to 6=unbearable pain) in the catheterization laboratory, immediately after the procedure. In addition to comparison of the pain score distributions using the CochranArmitage test, we analyzed the rates of "significant pain" in the 2 groups by using Fisher's exact test. Significant pain was defined as pain score ≥4 on the 1-to-6 scale. Furthermore, we analyzed the underlying cause of code breaks (RAS or anatomical variation) and evaluated the efficacy of prophylactic verapamil on the incidence of RAS. We also studied the efficacy of ad hoc administered verapamil on manifest RAS and analyzed the rates of access site crossovers due to RAS. The study protocol was approved by the Institutional Ethics Committee on Human Research and was conducted according to the principles of the Declaration of Helsinki. The study is registered at ClinicalTrials.gov, number NCT01402427.
Transradial Procedure
The skin was infiltrated using 1% procaine hydrochloride (Teva). After insertion of the introducer with hydrophilic coating (Radifocus Introducer II Transradial Kit; needle 20 gauge, sheath 4 to 7 French, 10 cm; Terumo Europe), heparin sodium (70 IU/kg bolus for diagnostics and percutaneous coronary intervention [PCI] with planned use of a glycoprotein IIb/IIIa receptor inhibitor or 100 IU/kg bolus for elective PCI; Merckle), and the study medication (5 mg verapamil hydrochloride; Sanofi-Aventis Chinoin, or 10 mL 0.9% w/v sodium chloride; Teva) were given intra-arterially. Transradial coronary angiography and PCI were then performed according to the study protocol using standard techniques. The arterial sheath was removed immediately after the procedure and bleeding was stopped using a compression device (TR Band; Terumo Europe) for 6 to 8 hours.
Statistical Analysis
To our knowledge, there are no published data about the treatment effect of verapamil on access site conversions. In the Survenue Per Angiographie d'un Spasme Majeur (SPASM) study, Varenne et al detected a 14.3-percentage point absolute risk reduction (ARR, 22.2% versus 7.9%) in the occurrence of RAS between the placebo and 5-mg verapamil groups. 18 In a trial comparing a cocktail (5 mg verapamil and 200 lg nitroglycerin) versus placebo, Kiemeneij et al found a 20-percentage point difference (14% versus 34%) in incidence of severe pain during sheath removal and a 14-percentage point change (8% versus 22%) in the rate of maximal pullback force indicating significant RAS. 9 Based on these data, we considered a 5-percentage point treatment effect as evidence of clinical superiority. Assuming a conversion rate of 2.0% in the verapamil group based on our registry data, the enrollment of 572 patients (286 in each arm) would have provided the study with a statistical power of 80.1% to detect a 5.0% difference in the rate of access site conversions at a 2-sided a level of 0.05 (computed with Fisher's exact test). The final sample size was 591 patients: 294 in the placebo arm and 297 in the verapamil group. For the primary end point, the groups were compared using the 2-sided CI approach. Categorical variables in 292 contingency tables were analyzed using Fisher's exact test, while the Cochran-Armitage test was used to detect trend in data from 29k contingency tables. After examination of the distribution of continuous variables for normality with use of the D'Agostino-Pearson test, normally distributed variables were compared with use of the Student ttest for independent samples, whereas not normally distributed parameters were assessed using the Mann-Whitney test. A 2-tailed P value <0.05 was considered statistically significant. Because of the design and short time-frame of the study, no patient was lost for follow up, the intention-to-treat and perprotocol populations were identical, and both analyses yielded the same results. Sample size and statistical power calculations were performed using IBM SPSS SamplePower 3.0.1 software (IBM Corporation); all other analyses were carried out with MedCalc 12.7.7.0 (MedCalc Software).
Results
Patient Characteristics
A total of 591 patients were randomized; all of them completed the protocol and were included in the analyses. Baseline characteristics of the populations and procedures and operator's annual volumes are summarized in Tables 1  and 2 . The demographic, clinical, and procedural parameters of the patients were similar.
Primary End Point
There was no significant difference in the crossover rate between the 2 groups (Fisher's exact test, placebo 5/ 294=1.7% versus verapamil 2/297=0.7%, P=0.28). Because the 2-sided 95% CI for the difference in proportion of conversions overlaps zero and does not cross the prespecified superiority margin (Figure 2 ), the strategy of preventive Continued verapamil use may not be considered to be superior to the policy of ad hoc administration. The fact that the observed conversion rate in the verapamil group was lower than expected, along with the final sample size, allowed the study to detect a 5.0-percentage point difference in the primary end point with 96.3% statistical power at a 2-sided a level of 0.05. Conversely, the trial had 80.0% power to verify superiority of even a 3.4-percentage point change at a 2-sided a=0.05 (computed using Fisher's exact test).
Secondary End Points
The results are summarized in Table 3 .
Rate of RAS
Prophylactically used verapamil did not prevent the occurrence of RAS (placebo 5/294=1.7% versus verapamil 3/297=1.0%, P=0.50, Fisher's exact test), and the rate of spasm was low in both arms.
Rate of Code Breaks
The composite end point of conversions and unplanned use of verapamil did not differ significantly in the 2 groups (placebo 10/294=3.4% versus verapamil 4/297=1.3%, P=0.11, Fisher's exact test). Superiority margin for the primary end point was set as low as 5.0 percentage points. Since the 95% CI for the difference in effect of the 2 regimens overlaps zero not crossing the superiority margin, the strategy of preventive verapamil use may not be considered superior to the policy of ad hoc administration (difference in conversion rates 1.0%, 95% CI À1.1% to 3.3%). Subjective pain of the patients was assessed using a questionnaire with an arbitrary scale (1=no pain to 6=unbearable pain) in the catheterization laboratory, immediately after the procedure. Pain score was similarly distributed in the 2 arms (Cochran-Armitage test, P for trend=0.12, Figure 3 ). Likewise, there was no considerable difference in the rates of "significant pain" defined as pain score ≥4 on the 1-to-6 scale (Fisher's exact test, placebo 8.8% versus verapamil 7.1%, P=0.45, Table 3 ). Analysis of patients undergoing diagnostics or PCI showed no significant differences between the placebo and verapamil groups regarding any of the studied safety end points (Table 3) .
Analysis of Code Breaks, Efficacy of Ad Hoc Administered Verapamil, and Access Site Crossovers Due to RAS
Half of the 10 events that comprised the composite end point of conversions and unplanned verapamil use in the placebo group were caused by RAS and the other half by anatomical variations. In the verapamil arm, RAS accounted for 3 composite outcomes and anatomical variations accounted for 1 (Figure 4) . Although code breaks were infrequent in both arms, there was no statistical difference between the 2 groups regarding the underlying cause (P=0.58, Fisher's exact test). Ad hoc administration of verapamil was successful in 5 of 5 cases of RAS in the placebo group; all 5 crossovers were due to anatomical variations (Figure 4) . Although prophylactic application did not prevent the occurrence of spasm (Table 3) in the verapamil arm, a repeated 5-mg dose was effective in 2 of the 3 patients with manifest spasm despite preventive verapamil use. In 1 case, however, the operator did not believe a repeated 5-mg dose would be clinically appropriate and decided primary conversion was preferable. Thus, rates of access site crossovers due to RAS were similar (placebo 0/ 294=0.0% versus verapamil 1/297=0.3%, P=1.00, Fisher's exact test). Figure 5 shows the treatment effect of verapamil for 3 of the studied end points: access site conversion, RAS, and access site conversion due to RAS. All 2-sided 95% CIs for the differences overlap zero and do not cross the prespecified superiority margin, suggesting that the policy of prophylactic verapamil use may not be superior to the strategy of ad hoc administration.
Discussion
Although with the development of thinner catheters, use of hydrophilic coating, 19, 20 and increasing operator expertise the importance of RAS is likely to be reduced, most experts agree that prophylactic administration of intra-arterial vasodilators is still mandatory. [12] [13] [14] Indeed, according to a recent survey across 75 countries, the majority (85.9%) of operators use vasodilators prophylactically, most frequently verapamil (75.3%), alone or in combination with other agents. 11 On the other hand, 72.2% of the Japanese operators do not use any medication for spasm prophylaxis. This geographic disparity suggests that the preventive use of vasodilators may not be crucial. Lacking a uniform definition, incidence of RAS varies considerably in the literature. Although the angiographic evidence used by Fukuda et al was objective, a number of patients diagnosed with RAS were clinically asymptomatic. 21 Kiemeneij et al used an automatic pullback device for removal of sheaths and to establish a parameter (maximal pullback force) to quantify RAS. 22 Although the authors found a good correlation with clinical symptoms, RAS Figure 3 . Subjective pain. Pain score measured on a semiquantitative scale was equally distributed in the 2 arms (CochranArmitage test, P for trend=0.12). The majority of the patients had no or minimal pain in both groups.
could be detected only postprocedurally, at the time of sheath removal. Clinically relevant RAS is characterized by subjective pain of the patient and severe difficulty/inability of guidewire/catheter manipulation, frequently resulting in access site conversion. 18, 23, 24 Even if there are data demonstrating that verapamil is effective in reducing the incidence of RAS 9, 18 and increases the volume of the radial artery detected with intravascular ultrasound, 25 to our knowledge, there are no reports about its efficacy on the clinically more important (and objective) end point: the rate of access site conversions. On the other hand, the safety of intra-arterial use of verapamil is not fully known. Although data from the SPASM trial 18 show that intra-arterial application of vasodilators is safe, recent data from the active-controlled SPasmolytic Agents to avoid SpasM during transradial percutaneous coronary interventions (SPASM3) trial 17 suggest that the administration of any of the tested vasodilators may be accompanied by adverse events, even if, lacking a placebo arm, a causal inference may not be justified. In view of potential side effects, the Transradial Committee of the Society for Cardiovascular Angiography and Interventions suggests that "femoral access may need to be favored in hemodynamically unstable patients, who may not tolerate the spasmolytic cocktail used in TRA." 26 Patients with these conditions are excluded from the benefits of the TRA. Because we aimed to evaluate the need for the prophylactic application of verapamil, the most commonly used vasodilator, we chose a relatively high (ie, likely effective) dose of 5 mg in order to avoid type II error due to inadequate dose selection. In our study, we not merely assessed the occurrence of RAS but also investigated clinically more important variables related to RAS: the objective rate of access site crossovers as primary end point and subjective pain of the patients along with procedural parameters. We found that the strategy of preventive high-dose verapamil use is not superior to the policy of provisional application of verapamil ( Figure 2) . Moreover, the need for ad hoc verapamil sion, radial artery spasm, and access site conversion due to radial artery spasm. All 2-sided 95% CIs for the differences in event rates overlap zero and do not cross the prespecified superiority margin of 5%, suggesting that the policy of prophylactic verapamil application may not be superior to the strategy of ad hoc administration (difference in access site conversion rates: 1.0%, 95% CI À1.1% to 3.3%; difference in rate of radial artery spasm [RAS]: 0.7%, 95% CI À1.5% to 3.1%; difference in occurrence of access site crossover due to RAS: À0.3%, 95% CI À1.9% to 1.0%).
in the placebo arm was as negligible as 2.0% (Table 3) . Also, there were no differences observed between the groups regarding any of the investigated safety end points (Table 3) .
Because our study was not primarily designed to evaluate the efficacy of ad hoc administered verapamil on RAS, there were only 5 such cases during the trial. Furthermore, the assessment might be influenced by the fact that the determination of the underlying cause of code breaks was done by the operator, not by an independent observer. However, it is not likely to cause any major bias in the rates of RAS and anatomical variations, because at the time of adjudication the investigator was blinded to the treatment. Keeping these limitations in mind, it is of interest that, in contrast to previous findings suggesting that prevention is likely to be more effective than treatment of a manifest spasm, 7 ad hoc used verapamil was effective in 5 of the 5 cases of RAS, and the conversions were all due to anatomical causes ( Figure 4 ). The rate of RAS (and the more objective rate of access site conversions) was found to be low in both groups (Table 3) . This may be partly explained by the fact that the operators were all experienced in radial procedures, beyond the learning curve (for details, see Table 2 ). In addition, we used exclusively arterial sheaths with hydrophilic coating, which could contribute to the observed low event rate. 20 The similarly rare occurrence of RAS in the 2 groups also indicates that mechanisms such as heavy manipulation and multiple catheter exchanges, which more frequently occur during the learning curve, may play a role in the provocation of RAS. Therefore, despite our findings, the preventive use of spasmolytic drugs may be useful during the learning curve.
In our trial, we tested placebo against a relatively high dose of the vasodilator, verapamil, most frequently used worldwide. The second most frequently (63.7%) used substance, nitroglycerin, 11 has a somewhat more favorable side effect profile but, like verapamil, is still contraindicated in patients with aortic stenosis or severe hypotension/cardiogenic shock. The choice of the vasodilator and its side effect profile might have minimal impact on our results, because we showed that, after the learning curve, not only is RAS a rare event but also there are no clinically relevant differences between the placebo and the likely effective high-dose verapamil groups regarding any of the investigated end points. Nevertheless, we acknowledge that the application of substances with a more favorable side effect profile is preferable. Based on our results, we believe that the strategy of applying any vasodilator only to patients with manifest RAS (ie, 1.7% of the population, according to our data) in the lowest effective dose may not only contribute to the reduction of adverse reactions (regardless of their severity and incidence) but also allow the safe extension of the TRA to those with contraindications to vasodilators.
The "all-comers" fashion of the trial is represented by the high proportion of patients with acute coronary syndromes and PCIs (Table 2 ). It is noteworthy that a high percentage of patients undergoing coronary angiography were receiving concomitant b-blocker therapy (%70% in both arms, see Table 1 ). While this may theoretically cause a proclivity toward RAS, it also means that this population may be more prone to develop bradycardia/hypotension when receiving intra-arterial verapamil.
Limitations
The trial was conducted in a single, high-volume institution by experienced operators ( Table 2) . Our results may not be applicable to lower-volume centers or to operators with less experience. Multicenter studies are warranted to confirm the findings of the present study. We did not assess the possibility that omission of verapamil may have an effect on the rate of radial artery occlusion. Furthermore, being primarily an efficacy study, it did not address potential adverse effects related to intra-arterial application of verapamil. Lacking previous data on the treatment effect of verapamil on access site conversion, the choice of the superiority margin was based on clinical judgment.
Conclusions
Our data indicate that beyond the learning curve preventive administration of intra-arterial verapamil offers no advantage over ad hoc application in terms of access site conversion rates. Therefore, the prophylactic application of verapamil may not necessarily be required among high-volume transradial operators. This finding may be clinically relevant, particularly considering the worldwide growing number of transradial procedures and increasing expertise, since the omission of prophylactic verapamil (or vasodilators in general) may not only contribute to the reduction of potential adverse reactions related to the drug but also allow the safe extension of the, in many respects favorable, TRA to those with contraindications to vasodilators.
